A ppendicitis is the most common abdominal surgical emergency in the pediatric population. 1 Complicated appendicitis accounts for approximately 30% of cases and is associated with increased hospital cost, length of stay (LOS), and adverse outcomes. [2] [3] [4] [5] [6] [7] [8] Although complicated appendicitis presents along a wide spectrum of disease severity in children, little is known of how different presentations affect use of health care resources and the risk of adverse outcomes. A more thorough understanding of this association may have important implications for reimbursement policy and ensuring fair comparative performance reporting among hospitals. These implications may be particularly relevant for hospitals treating underserved or rural populations, where delayed presentation is common. [9] [10] [11] With the above considerations, the goal of this study was to examine the association of different combinations of intraoperative findings with resource use and rates of adverse events in children with complicated appendicitis. For this study, we used the American College of Surgeons National Surgical Quality Improvement Program pediatric appendectomy pilot database (hereinafter referred to as the NSQIP-P database) to leverage its multicenter platform and rigorous data collection methods. Outcomes included rates of postoperative complications, surgical site infections (SSIs), revisits, LOS, and cumulative cost from all index and revisit encounters. These outcomes were chosen to provide a comprehensive set of measures relevant to all stakeholders, including patients and their parents, hospitals, and payors.
Methods

Study Design
This retrospective cohort study used clinical data from the NSQIP-P database merged with cost data from the Pediatric Health Information System (PHIS) database. The NSQIP-P database includes a wide array of clinical and laboratory data for calculating and comparing risk-adjusted adverse event rates among 82 member hospitals. 12, 13 Data are procured at each hospital by dedicated, full-time medical record abstractors using standardized criteria and a rigorous medical record review process. Accuracy of data collection is facilitated through periodic auditing of participating hospitals, mandatory training for medical record abstractors, and the availability of an American College of Surgeons clinical support team to address questions surrounding data definitions and data collection protocol. This study was approved by the institutional review board of Boston Children's Hospital, Boston, Massachusetts, which did not require informed consent. The NSQIP Pediatric Appendectomy Collaborative Pilot Project was initiated in 2013 and includes 29 NSQIP pediatric hospitals with the goal of collecting an extended set of diseasespecific variables in patients with suspected appendicitis. These variables include use of imaging, intraoperative findings, pathology findings, points of care, hospital revisits, and unique encrypted identifiers, among others, for each participating hospital. A manual of operations to ensure consistency and accuracy of data collection was distributed to all participating hospitals and reviewed via webinar before the initiation of data collection. All NSQIP data used for this analysis were obtained directly from hospitals participating in the collaborative. The American College of Surgeons was not involved in the procurement or analysis of study data.
The PHIS database contains administrative billing data from 47 children's hospitals affiliated with the Children's Hospital Association, Lenexa, Kansas. Patient-level data in PHIS include demographic and payor information, diagnostic codes from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), and International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM), Current Procedural Terminology codes, and granular billing data for a wide range of clinical and hospital services. Data quality is ensured by coding consensus meetings and hospital-specific quality audits summarized in quarterly reports.
Study Cohort and Exposure Classification
The study cohort included all children aged 3 to 18 years who underwent an appendectomy for suspected appendicitis identified from the NSQIP database from January 1, 2013, through December 31, 2014. Patients were excluded if they carried a diagnosis of immunodeficiency or were missing data for intraoperative findings. Intraoperative findings considered representative of complicated appendicitis in NSQIP-P database were defined through consensus by the NSQIP Pediatric Data Definitions Committee. These definitions included any of the following 4 findings in the operative report: visible hole, diffuse fibropurulent exudate (defined as exudate in >2 quadrants of the abdomen and pelvis), intra-abdominal abscess, or an extraluminal fecalith. These findings were used for the present analysis based on data demonstrating each to be independently associated with increased complication rates, LOS, and hospital cost when present at the time of operation. 8 Outcomes Thirty-day rates of postoperative adverse events included any morbidity as defined by NSQIP-P database, overall rate of SSI as an independent outcome (organ space SSIs and incisional
Key Points
Question Are intraoperative findings associated with the risk of postoperative complications and use of health care resources in children with complicated appendicitis?
Findings In this multicenter cohort study of 1333 children undergoing appendectomy, intraoperative findings were found to markedly influence postoperative outcomes. Compared with patients with 1 intraoperative finding, multiple findings were associated with higher rates of complications (16.4% vs 10.6%), more revisits (22.9% vs 8.9%), longer length of stay (8.9 vs 4.0 days), and higher hospital cost ($32 282 vs $13 296).
Meaning Adjustment for disease severity may be necessary to ensure fair reimbursement and comparative performance reporting among hospitals, particularly at hospitals treating underserved populations, where more severe presentation is common.
SSIs together), and 30-day revisit rates (emergency department or inpatient readmission). For this analysis, superficial and deep incisional SSIs were combined into a single group. Resource use outcomes included cumulative LOS and hospital cost from all index and revisit encounters occurring during the 30-day postoperative period.
Cost data were obtained from 13 of the 14 NSQIP pediatric hospitals that also participated in the PHIS database during the same study period. Children undergoing appendectomy for suspected appendicitis were identified from the PHIS database using ICD-9-CM procedure codes 47.01 and 47.09 and diagnostic codes 590.0, 590.1, and 590.9. To account for differences in unit-based cost between hospitals for individually billed items (eg, differences in the reported cost of a complete blood cell count, intravenous tubing, laparoscopic trocar, nursing shift, etc), cost data obtained for this study were standardized by applying the previously reported cost master index.
14 In brief, the median cost of an item across all hospitals was used as the standardized unit cost for that item. For each patient, the standardized unit cost for each item was multiplied by the number of units billed to arrive at the standardized hospital cost for the encounter. The intent of the cost master index is to allow for a more accurate comparison of actual resource use among hospitals by adjusting for differences in reported cost for individually billed items. Standardized cost data from the PHIS were merged with clinical data from NSQIP-P using a previously validated probabilistic matching algorithm based on age at operation in days, sex, and unique hospital identifier. 15 
Statistical Analysis
Data were analyzed from January 1, 2013, through December 31, 2014. Multivariable, mixed-effects regression was used to measure the influence of single vs multiple findings on each outcome after adjusting for patient characteristics (age, sex, obesity, race/ethnicity, and insurance) and hospital-level random effects. A logistic link was used for the binary outcomes of adverse events and revisits, and a gamma link was used for the continuous outcomes of LOS and cost due to their skewed distributions. Measures of association were reported in terms of odds ratios (ORs) and rate ratios (RRs), accordingly. The effect of combinations of intraoperative findings on outcomes was investigated by evaluating all possible interaction terms in the mixed-effects models and retaining statistically significant terms. The final models were used to estimate hospitallevel adjusted probability of adverse events, SSIs, revisits, mean LOS, and cost for each of the possible combinations of intraoperative findings (visible hole, exudate, abscess, and extraluminal fecalith). Analyses were performed with SAS statistical software (version 9.4; SAS Institute, Inc). Statistical significance was achieved with a 2-sided P < .05.
Results
The final study cohort included 1333 patients from 22 NSQIP pediatric hospitals ( Figure 1 single findings. Different combinations of intraoperative findings were associated with significantly different rates of adverse outcomes, including a 4.2-fold variation in overall adverse event rates (range, 9.6% for exudate alone to 40.2% for all 4 findings; P < .001), a 3.6-fold difference in overall SSI rates (range, 7.5% for fecalith alone to 27.2% for all 4 findings; P = .002) (Figure 2) , and a 3.7-fold difference in rates of organ space infection (range, 6.7% for fecalith alone to 24.8% for all 4 findings; P = .004). Incisional SSIs ranged from 0.3% for combined hole, abscess, and fecalith to 6.5% for combined exudate and fecalith, although this difference did not reach statistical significance (P = .32).
Hospital Revisits
Multiple intraoperative findings of complicated appendicitis were associated with higher rates of any type of hospital revisits (OR, 1.60; 95% CI, 1.15-2.21; P = .005), higher rates of inpatient readmissions (OR, 2.04; 95% CI, 1.30-3.22; P = .002), and higher rates of ED revisits without inpatient readmission (OR, 1.52; 95% CI, 1.08-2.13; P = .02) compared with single findings. Different combinations of intraoperative findings were associated with a 2.6-fold difference in overall revisit rates (range, 8.9% for exudate alone to 22.9% for all 4 findings; P = .001) (Figure 3 ).
Resource Use
Multiple intraoperative findings of complicated appendicitis were associated with a higher cumulative LOS (RR, 1.45; 95% CI, 1.36-1.55; P < .001) and a higher cumulative cost (RR, 1.35; 95% CI, 1.19-1.53; P < .001) compared with single findings. Different combinations of intraoperative findings were associated with significantly different profiles of resource use, including a 2.2-fold difference in mean LOS (range, 4.0 days for exudate alone to 8.9 days for all 4 findings; P < .001) ( Figure 4) and a 2.4-fold difference in mean cumulative cost (range, $13 296 for exudate alone to $32 282 for all 4 findings; P < .001) ( Figure 5 ).
Discussion
In this multicenter analysis of 1333 patients from 22 children's hospitals, different combinations of intraoperative findings were found to markedly influence the risk of adverse outcomes and resource use in children with complicated appendicitis. Children presenting with multiple findings of complicated disease had a nearly 50% higher complication rate and 30% higher cumulative cost compared with children with isolated findings. An even greater magnitude of variation in outcomes was observed across the spectrum of intraoperative findings, including a nearly 4-fold variation in complication rates and a 2-fold variation in hospital cost. The results of this study add to the growing body of evidence that not all cases of complicated appendicitis are created equally with respect to clinical course and resource use. In a single-center study of 918 patients, 16 perforated disease with diffuse peritonitis was associated with higher rates of SSIs (41.9% vs 32.0%) and intra-abdominal abscesses (35.7% vs 12.2%) and a longer median LOS (9 days vs 4 days) compared with perforated disease with localized free fluid. In a singlecenter study of 88 children with complicated appendicitis, 17 extensive peritoneal contamination (defined as fibropurulent exudate extending to the liver) was associated with a 2.5-fold higher odds of a postoperative drainage procedure, 50% longer median LOS, and a 30% higher cumulative median hospital cost compared with localized contamination confined to the right lower quadrant or pelvis. Another singlecenter study of 122 patients with perforated appendicitis 18 graded disease severity on a scale of 1 to 4 based on the extent of peritonitis and number of intra-abdominal abscesses found at operation. Higher rates of postoperative abscesses, longer length of stay, and longer duration of antibiotics were all associated with higher grades of disease severity. Although these data support the premise that disease severity can influence outcomes in complicated appendicitis, the generalizability of 
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these studies may be limited by their single-center analyses and the use of relatively subjective criteria for defining complicated disease. To our knowledge, the present study is the first to characterize the association between disease severity and outcomes in a multicenter format using standardized definitions for exposures and outcomes. The increased risk of complications with multiple intraoperative findings may be explained by different mechanisms of treatment failure associated with different findings. Diffuse fibropurulent exudate may represent more extensive peritoneal surface contamination (ie, a greater burden of residual biofilm after an appendectomy), whereas the presence of an intra-abdominal abscess may represent longer disease chronicity and a more established biofilm. 19, 20 The presence of an extraluminal fecalith may be a marker of gross and microscopic fecal contamination, and this finding has been associated with particularly high rates of postoperative abscesses and failure of nonoperative management. [21] [22] [23] Given that each finding may be associated with a different mechanism for treatment failure, different combinations of findings may be cumulative in their risk for postoperative complications and increased resource use. Increasing severity was notable with each intraoperative finding and with the addition of each additional finding; however, the study was not powered to reach significance among each combination and to establish a gradient of severity.
The findings of this study may have important implications for ensuring fair and equitable reimbursement across hospitals, particularly for those that treat rural or socioeconomically disadvantaged populations. Higher rates of complicated appendicitis have been reported in these populations, [9] [10] [11] and these children may also have more severe (and resourceintensive) presentations of complicated appendicitis. Diagnosis related group-based reimbursement is currently used by many public insurers (Centers for Medicaid & Medicare Services) and an increasing number of private insurers to set casebased hospital reimbursement fees for surgical procedures. In the management of acute appendicitis, diagnosis related groupbased reimbursement for appendectomy currently recognizes 2 levels of disease severity based on ICD codes (complicated and uncomplicated) and is intended to differentiate perforated from nonperforated appendicitis. 24 Based on the results of this study, diagnosis related group-based stratification (eg, ICD classification) of disease severity would appear inadequate for children with complicated appendicitis. Hospitals that treat populations at high risk for delayed presentation may therefore be at risk for underpayment. Modification of future ICD-based classification to include specific operative findings within the category of complicated appendicitis may more effectively match reimbursement with the resources required to treat individual patients. This modification may be particularly important with the increasing trend toward global payment reimbursement models. More granular adjustment for disease severity may also improve the accuracy and utility of performance benchmarking data for appendicitis such as that provided by the NSQIP-P database. The NSQIP Pediatric Appendectomy Procedure Targeted Semi-Annual report currently provides a broad array of comparative performance data to more than 100 hospitals, including rates of SSIs, deep organ space infections, percutaneous drainage procedures, postoperative imaging, and hospital revisits, among other measures. 25 Similar to current reimbursement policy, the NSQIP-P database stratifies its hospital-level performance reporting along 2 levels of severity, which may bias results against hospitals that treat the highestrisk populations. More granular adjustment for disease severity may result in a more accurate estimate of hospital performance and provide hospitals with more meaningful comparative data to prioritize their quality improvement efforts. Finally, the results of this study may have implications for study design and methods used to report clinical research focusing on complicated appendicitis. These implications may be particularly relevant for comparative effectiveness studies, where the matching and reporting of treatment groups on intraoperative findings (ie, disease severity) could improve the validity of study results.
Limitations
Several limitations of this study should be acknowledged. Although the NSQIP-P and PHIS databases are subject to extensive and rigorous quality assurance audits, medical record extraction and coding errors are possible. Data collected in the PHIS and NSQIP-P databases are obtained from large academic teaching hospitals and may not be generalizable to community hospitals and other health care settings. The definition of complicated appendicitis used in this analysis was based on 4 intraoperative criteria, and findings other than those examined in this study may also be associated with poor outcomes and increased resource use. These criteria were chosen specifically based on previous data demonstrating each to be independently associated with postoperative complications and increased resource use, 8 therefore providing the most rigorous evidence-based definition of complicated disease available.
Conclusions
Despite these limitations, the results of this study strongly support the notion that not all cases of complicated appendicitis are created equally with respect to clinical course and resource use. Further efforts are needed to explore and characterize the degree of overpayment and underpayment across hospitals associated with the current 2-tiered reimbursement system. The imperative for this will become increasingly relevant with the expansion of accountable care organizations, where standardized bundled payments for surgical procedures are earmarked to cover professional fees and cost of the hospitalization. 26 ,27
